ABSTRACT: Three patients with clinical Alzheimer's disease were found at postmortem examination to have Lewy-bodies and Lewy-like bodies in the cerebral cortex and the pigmented brainstem nuclei. Neuritic plaques were found in neocortical areas but no neurofibrillary tangles. The distribution of cortical neuronal inclusions correlated with the proposed projection of dopamine terminals. Neuronal cell loss was marked in the ventral tegmental area (paranigral nucleus) and the basal nucleus of Meynert, suggesting a defect in dopaminergic and cholinergic innervation of the cerebral cortex. Immunohistochemical investigations revealed positive staining of cortical Lewy-and Lewy-like bodies for monoclonal antibodies to phosphorylated neurofilaments (03-44, 06-17, 04-7). Also cerebral neurons containing no inclusions showed positivity, suggesting an early neurofilament abnormality, preceding the formation of Lewy-type inclusions. RESUME: La demence a corps de Lewy en l'absence des changements de type Alzheimer. Des corps de Lewy et des structures similaires aux corps de Lewy ont ete retrouves dans le cortex cerebral et les noyaux pigmentes du tronc cerebral a 1'autopsie de trois patients presentant un tableau clinique de maladie d'Alzheimer. Des plaques nevritiques ont ete trouvees dans les regions corticales, mais pas d'enchevetrements neurofibrillaires. II y avait correlation entre la distribution des inclusions neuronales au niveau du cortex et la projection proposee pour les terminaisons dopaminergiques. La perte cellulaire neuronale etait importante au niveau de la region de la decussation ventrale (noyau paranigral) et du noyau basal de Meynert, suggerant un defaut de I'innervation dopaminergique et cholinergique du cortex cerebral. Des etudes immunohistochimiques ont montre une reaction positive des corps de Lewy et des structures similaires aux corps de Lewy du cortex aux anticorps monoclonaux diriges contre des neurofilaments phosphoryles (03-44,06-17,04-7). Des neurones cerebraux nu contenant pas d'inclusion manifestaient egalement une reaction positive, suggerant une anomalie neurofilamentaire precoce, precedant la formation des inclusions du type des corps de Lewy.
Lewy bodies are abnormal perikaryal inclusions of the human brain and of unknown etiology. They are the histopathologic hallmark of Parkinson's disease with predilection sites in the substantia nigra, locus ceruleus and substantia innominata. They are found rarely in the cerebral cortex, but have been reported in association with changes of Alzheimer's disease, '" 4 Pick's disease, 2 idiopathic Parkinson's disease without dementia, 5 
"
6 and in neuroaxonal dystrophies. Ultrastructurally, Lewy bodies are composed of an array of filamentous structures radiating from a dense central core. 9 Cerebral Lewy bodies or Lewy-like bodies show a conglomerate of less well organized filaments, and the latter lack the central dense core. 10 Positive immunoreactivity of Lewy bodies with polyclonal and monoclonal antibodies to neurofilaments indicates the presence of neurofilament antigens in these inclusions.'' In the present report we describe the quantitative, morphologic and immunohistochemical findings of cortical Lewy bodies and Lewy-like bodies, as well as the results of cell counts of subcortical projection systems in three cases of Lewy body dementia unassociated with Alzheimer's disease. CASE 
REPORTS

Clinical Histories
Case 1
This 72 year old male accountant began to notice problems with calculation at age 66. Over the next two years, he experienced forgetfulness and inability to concentrate. On evaluation at age 68, an electroencephalogram showed diffuse polyrhythmic slow-wave and sharp-wave activity most marked over the frontal and temporal areas. The diagnosis of Alzheimer's disease was made. At the age of 69, he showed mild bradykinesia of gait and he was started on Levodopa. The dementia progressed over the next two years. At age 72 he was admitted in a non-communicative state because of recurrent episodes of aspiration. He died three months later from bronchopneumonia. 
Case 2
This 72 year old female was diagnosed as having Parkinsonism in 1975. Several decades earlier the diagnosis of multiple sclerosis was made. In 1977 she became confined to a wheelchair with weakness and spasms of both legs. She was transferred to a nursing home in 1979. Physical examination in July of 1980 revealed her speech to be incomprehensible. She had difficulty sitting erect and showed spastic weakness of all limbs. Plantar responses were extensor and deep tendon reflexes were increased. Two years later she was noted to be emotionally labile and showed episodes of anger and aggression. She showed bradykinesia and rigidity and was placed on Sinemet with little improvement. Over the ensuing years, she became non-communicative, increasingly stiff, and immobile and was diagnosed as having Alzheimer's disease. She died from cardiorespiratory arrest in November of 1985.
Case 3
This 71 year old woman was first admitted in June of 1984 with decreasing appetite and forgetfulness. She displayed a child-like behaviour with angry outbursts. She became disoriented to time and place, appeared weaker and gradually needed more help with ambulation. Neurologic examination was reported as normal. In January of 1985, she was admitted in a dehydrated state with disorientation to time and place and person. A CT scan showed mild diffuse atrophy of the brain. Over the next 7 months, she showed a rapid deterioration of her mental status and was thought to have Alzheimer's disease. No clinical evaluation was performed during this period. She died three months later from bronchopneumonia.
NEUROPATHOLOGY EXAMINATION
Methods
The brains from the 3 cases were fixed in 10% buffered formalin for at least 10 day s. Tissue blocks for light microscopic examination were taken from various parts of the central nervous system. They were embedded in paraffin and stained with hematoxylin and eosin (H & E), periodic acid-Schiff (PAS), Congo-red, Nissl stain, and Bielschowsky's silver stain. Small pieces of formalin fixed tissue from selected areas were fixed in 2.5% phosphate-buffered (pH 7.15) glutaraldehyde. They were postfixed in 1% osmium tetroxide, dehydrated and embedded in Epon. Ultrathin sections were examined electronmicroscopically.
Serial 16um thick sections through paraffin blocks from the basal nucleus of Meynert and the paranigral nucleus were stained with Nissl stain and used for neuronal cell counts. The areas of the basal nucleus of Meynert and the paranigral nucleus were delineated in each section and digitized usinga Hewlett-Packard 9874A Digitizer (Hewlett-Packard Company, Fort Collins, Colorado). Only neurons with discernible nuclei were counted in each section. The tissue volume was calculated by adding the products of area and thickness of the serial sections of each nucleus. The cell number was then calculated as neurons per mm. 3 For immunocytochemical examination paraffin sections were incubated with trypsin (GIBCO) at 37°C for 10 min. (400 ug/ml) in 0.05 M Tris-HCI, pH 7.6,0.3 M sodium chloride and 0.02 M calcium chloride. The incubated paraffin sections were stained immunocytochemically by using monoclonal first-layer antibodies in a dilution of 1:1000, goat anti-mouse immunoglobulin, and ClonoPAP (peroxidase-monoclonal anti-peroxidase complex) (12) . The first-layer antibodies were against phosphorylated neurofilament epitopes (03-44, 06-17, and 04-7) (12).
Gross Examinations
All three cases showed mild to moderate atrophy of the frontal and temporal areas and moderate ventricular dilatation. The brain weights were 1305,1210and 1220grams respectively, in the three cases. Examination of the brain and spinal cord in Case 2 could not confirm the diagnosis of multiple sclerosis.
Lightmicroscopic Findings
Lightmicroscopic examinations of the three cases revealed similar pathologic findings. The most striking finding was the presence of Lewy bodies and Lewy-like bodies in the pigmented brainstem nuclei and the cerebral cortex. They were found to be most numerous in the entorhinal cortex, the anterior cingulate gyrus, the temporal and frontal cortices, in that order (Table 1) . They were found to be concentrated to the 5th and 6th layers of the cortex in most areas, except for the anterior cingulate gyrus and the entorhinal cortex, where they were equally numerous in the 3rd cortical layer ( Figure I ). The inclusions were found to be most numerous in the depth of the sulci (Figure 1) . In areas where Lewy bodies and Lewy-like bodies were numerous, neuronal loss and mild astrogliosis could be demonstrated. A moderate number of senile plaques were demonstrated throughout the neocortex in all three cases, whereas no neurofibrillary tangles were found in neocortical areas in any of the cases (Table 2 ). Cerebrovascular amyloid deposition was not identified. Lewy-like bodies stained faintly eosinophilic with the H-E stain ( Figure 2A ) and dark brown to ; m black with Bielschowsky's silver stain. They did not stain with PAS, or Nissl stain. Lewy bodies showed a bright eosinophilic core with the H-E stain ( Figure 3A) , which also stained more intensely with Bielschowsky's silver stain. The light microscopic staining pattern of the inclusions is summarized in Table  3 .
Neuronal cell counts revealed a moderate neuronal loss in the basal nucleus of Meynert (Table 4 ). The paranigral nucleus of the ventral tegmental area showed marked neuronal loss and gliosis ( Figure 4 ; Table 4 ). 
Electronmicroscopic Findings
The cortical Lewy-like bodies consisted of both granular and filamentous material. Lewy bodies showed a variably increased density of the central zone. The filaments measured 10-18 nm in both types of inclusions. The radial arrangement of peripheral filaments typical of brainstem Lewy bodies was less pronounced ( Figure 5 ).
Immunohistochemical Findings
Three monoclonal antibodies (06-17, 03-44, 04-7) directed against phosphorylated neurofilament epitopes were employed. Lewy-like bodies of the substantia nigra showed weak reactivity ( Figure 6A ). Lewy bodies of the same nucleus showed a weakly reacting central zone and a strongly reacting peripheral ring ( Figure 6B) . A similar pattern was occasionally seen in cortical Lewy and Lewy-like bodies. Most commonly, however, Lewy-like bodies showed a strong reactivity with antibodies to phosphorylated epitopes of neurofilaments ( Figure 2B ). Cortical Lewy bodies showed strong reactivity of the central core and weak or no reactivity of the periphery ( Figure 3B ). Neurones of the 5th cortical layer containing no identifiable inclusions often revealed a diffuse positive immunostaining with monoclonal antibodies to phosphorylated neurofilaments (Figure 7) . The immunoreactivity of Lewy bodies and Lewy-like bodies for the three monoclonal antibodies is summarized in Table 5 .
DISCUSSION
Alzheimer type changes were found in the present 3 cases, consistent with the advanced age of the patients, but with a distribution that did not warrant the diagnosis of Alzheimer's disease. Lewy body dementia without concomitant histopathologic changes of Alzheimer's disease is a seldom recognized entity.
"
14 In the present cases, cerebral Lewy bodies and Lewylike bodies showed a distributional pattern not previously described. In the neocortex the Lewy-type inclusions were confined to the deeper layers 5 and 6, whereas in the anterior cingulate gyrus and in the entorhinal cortex, inclusions were also widely distributed in the 3rd cortical layer. This distribution of Lewy bodies and Lewy-like bodies correlates well with the proposed mesocortical dopaminergic projections to the cerebral cortex.' 516 The dopaminergic fibers projecting to the » " 'i (Fig 3A and B) cerebral cortex originate from the ventral tegmental area, mainly from the paranigral nucleus and to a lesser extent from locus ceruleus ( Figure 8 ). 16 They terminate most frequently in the layers 5 and 6 of the frontal cortex, whereas the projections to the anterior cingulate and ventral entorhinal areas terminate in the 2nd and 3rd layers as well. 15 " 17 In the present cases the basal nucleus of Meynert showed a moderate neuronal loss, whereas the paranigral nucleus showed a 90% neuronal loss in Case 1 and 2 and somewhat less in Case 3, suggesting a substantial diminution of cortical dopaminergic input.
It is possible that dopaminergic and cholinergic deafferentation of the cortical neuronal population may underlie not only the intellectual impairment and cognitive defects observed in the present patients but also the histopathologic findings of Lewy-type inclusions. 16 In other systems such as the inferior olivary nucleus and the substantia nigra, abnormal neurofilament accumulations are thought to represent a transsynaptic reaction. 18 " 20 The ultrastructural features and dimensions of the neurofilaments constituting the inclusions were similar to those described in brainstem Lewy bodies. 21 Immunohistochemical investigations using monoclonal antibodies to phosphorylated neurofilaments revealed positive staining of Lewy-like bodies and of the central core in Lewy bodies of the cortices. This is different from the staining pattern of brainstem Lewy bodies in which phosphorylated neurofilaments are found in the peripheral rim of Lewy bodies. Neurons of the same cortical layers containing no inclusions showed abnormal phosphorylated neurofilaments, not seen in normal controls, suggesting an early post-translational phosphorylation of neurofilaments preceding the formation of Lewy type inclusions.
Based on the pathology of the present three cases, we propose that Lewy body dementia without Alzheimer's disease may be a primary defect in mesocortical dopaminergic projections resulting in a transsynaptic abnormal neurofilamentous reaction of the target neurons, expressed by the presence of Lewy-like bodies and Lewy bodies. Fig I) . 
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